INTRODUCTION
The ΛCDM cosmology predicts that the halo of Milky Way like galaxies should contain hundreds of sub-haloes, in which dwarf galaxies may be embedded. Many dwarf galaxies and tidal substructures in the Galactic halo have been discovered in the last decade (Newberg et al. 2002; Rocha-Pinto et al. 2004; Belokurov et al. 2006; Newberg et al. 2009; Bonaca et al. 2012, etc.) . The most prominent one is the Sagittarius (Sgr) stream, which is believed to be a tidal debris of the disrupting Sgr dwarf galaxy. After it was firstly discovered by Mateo et al. (1996) , the stream has been mapped over 2π radians on the sky by the 2MASS (Majewski et al. 2003) and SDSS (Belokurov et al. 2006; Koposov et al. 2012 ) surveys. The stream, which is composed of the leading and the trailing tails, wraps at least once around the Galaxy.
Some modeling works even claimed that the stream should wrap more than once (Peñarrubia et al. 2010; Law & Majewski 2010) . One prominent feature of the Sgr stream is the bifurcations in both north and south hemisphere.
Other than the large scale and prominent substructures, there are also some local and less prominent substructures in the region of the Sgr stream. Some of them may be related to the Sgr stream, some may be new tidal debris with different origins. Chou et al. (2007, hereafter C07) found two substructures in the region of the Sgr leading stream using M giant stars. One is likely the part of the Sgr leading tail with similar metallicity and velocity. The authors further separated the tracer stars as the best and the less certain subsamples. The former are located between 10 and 20 kpc, while the latter is located within 5 kpc in distance. They thought most of the best and less subsample should belong to the Sgr stream because this region is far way from the Galactic disk and no evidence for the existence of other tidal substructure is found from the star count of the M giant stars. The other substructure, which is denoted as the north Galactic cap (NGC) group by the authors, shows opposite velocity to the Sgr leading tail and is proposed to be the Sgr trailing tail overlapped with the leading tail in the north. Pila-Díez et al. (2014) photometrically observed three fields around the Sgr leading tail and found that the distance of the Sgr leading tail well matches the nearer branch in the model from Peñarrubia et al. (2010) . They claimed that this belongs to a new wrap of the Sgr tidal stream together with another branch in the trailing region claimed in the same paper. However, the distance from Pila-Díez et al. (2014) is not consistent with from the north trailing tail in the simulation from Law & Majewski (2010, hereafter LM10) , requiring more kinematical data to confirm their conclusion.
It is noted that Newberg et al. (2007) explored an overdensity at (Λ, g 0 ) = (240
• , 16.7 mag), whose origin is unclear, from the blue horizontal branch stars in the same region of the Sgr leading tail. g 0 is the g-band apparent magnitude with reddening corrected. Addition, they also found a moving group near S297+63-20.5 1 with V gsr = −76 ± 10 kms −1 and distance of 15.8 kpc to the Sun. Since the location is quite close to the substructures discussed in Chou et al. (2007) and Pila-Díez et al. (2014) , it is curious whether they are relevant with each other.
In this work, we use the M giant stars observed from the LAMOST survey to revisit the less prominent substructures in the region of the north Sgr leading tail. As of June 2014, the LAMOST survey has already
1 The "S" signifies stream (or substructure), followed by the Galactic longitude, then Galactic latitude, and the apparent magnitude New tidal debris nearby the Sagittarius leading tail 3 obtained more than 4 million stellar spectra with sufficient signal-to-noise ratio (S/N). Zhong et al. (2015) developed a template-matching technique to reliably identify the M giant stars from the low resolution spectra. Applying their method to the LAMOST DR2 data, we obtain 17,589 M giant stars, which is so far the largest sample of the M giant spectra. On the other hand, Li et al. (2016, hearafter Paper I) , employed a photometric-based method to estimate [Fe/H] and distance for the M giant stars.
The paper is organized as following. In section 2, we describe how to select the data and improve the estimation of the metallicity. In section 3, the substructures in the region of the Sgr leading tail is unveiled and featured in spatial-kinematic-metallicity space. In section 4, we discuss the possible origins of the new unveiled substructures. Finally, a brief conclusion is drawn in the last section.
DATA

The updated LAMOST M giant star catalog
The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST; also called Guo Shou Jing
Telescope) is a National Key Scientific facility built by the Chinese Academy of Sciences (Cui et al. 2012; Zhao et al. 2012) . The LAMOST spectroscopic survey, started since 2011, mainly aimed for the understanding of the structure of the Milky Way . Although the standard data processing pipeline provides quite accurate estimation of the stellar parameters for the FGK type stars, it does not reliably identify the M type stars (Luo et al. 2015) . In order to identify the M type stars and classify the M giant and dwarf stars from the LAMOST dataset, Zhong et al. (2015) constructed the M-giant templates and identified around 9,000 M-giant stars from LAMOST DR1 dataset. We apply the same method to the LAMOST DR2 dataset and expand the M giant sample to 21,696. Then we purify the sample by excluding a few contaminated K giant stars and M dwarf stars using the criteria of the WISE color index (W 1 − W 2 ) 0 according to Paper I and Zhong et al. (2015) , finally we get 17,589 M giant stars. The interstellar reddening is corrected using the same spatial model of the extinction mentioned in Paper I. We adopt the E(B − V ) maps of Schlegel et al. (1998) 
Distance and metallicity determination
Paper I developed a photometric-based method to estimate the distance for the M giant stars. Specifically, the absolute magnitude in J band is determined from
For the LAMOST M giant sample used in this work, we adopt the equation (1) This difference also could be caused by population effect. Considering the large fraction of K giant stars in the APOGEE data, this contamination may not be ignored and hence, to some extent, induce systematic
For the M giant sample from C07, the M giant identification has been confirmed from the high-resolution spectra and thus should not be affected by the K giant stars.
Therefore, the updated linear relationship based on the C07 sample (the black line) should be more reliable.
In the rest of this paper, we use this improved metallicity estimates for the LAMOST M giant stars.
RESULTS
In order to better compare with the Sgr stream, we adopt the Sgr coordinates originally introduced by Majewski et al. (2003) . The equator of the coordinate system is defined by the mid-plane of the Sgr stream.
The latitude B of the Sgr coordinates is parallel with the mid-plane of the stream as viewed from the Sun.
The zero-point of the longitude Λ is at the core of the Sgr dwarf galaxy and Λ increases toward the direction of the trailing tidal tail. The coordinates with Λ< 180
• are mostly located in the south of the Galactic disk mid-plane and the coordinates with Λ> 180
• are mostly in the north.
The line-of-sight velocity measured from the M giant spectra is with respect to the Sun. We convert it to V gsr , the line-of-sight velocity with respect to the Galactic standard of rest, using the following equation:
in according to (Li et al. 2012; Dehnen & Binney 1998) . Therefore, it seems that the stars with distance at 10-20 kpc may be further separated into two groups, one with similar Λ-V gsr trend as the Sgr leading tail, but located in much nearer distance, the other with larger V gsr than the Sgr leading tail by ∼ 100 kms −1 at the same Λ and overlapped with the NGC group from C07.
The LAMOST M giant stars well indicate the Sgr tidal stream in both north and south tails. This can therefore better constrain the dynamics of the tidal stream. However, before addressing the orbital properties of the Sgr tidal stream, it is very important to clarify whether those not prominent but clearly displayed substructures, i.e. the two groups of stars located within 10-20 kpc, are related with the tidal stream.
Substructures in 210
• <Λ< 290
• In order to further investigate the confusing velocity substructures shown in figure 2, we select the stars within 210
• to avoid possible contaminations from the thick disk and the some over-density.
Indeed, the stars located at 290
• <Λ< 320
• well overlap with the RR Lyrae substructure discovered by Duffau et al. (2014) . At the other end, the region of 200
• <Λ< 210
• is very close to the Galactic disk in the Galactic anti-center region. The rest of the region well overlaps the Sgr leading tail in the longitude. The stars in interest are located between 10 and 20 kpc, while the Sgr leading tail is well identified at the distance between 20 and 60 kpc.
As seen from the top panel of figure 2, both the stars in interest and the distance-identified Sgr leading tail contribute to the group with velocity from ∼ 0 kms −1 at Λ∼ 290
However, only the stars located between 10 and 20 kpc contribute to the group with the velocity from
A apparent concern is that the group of stars with larger velocity are possibly contaminated by the thick disk. Therefore, we firstly investigate the distribution of the metallicity for these stars and remove those with high possibility to be the thick disk stars. First, the velocity dispersion for the substructure Vel-3+83 is 83 kms −1 , which is consistent with the large velocity dispersion shown with the red points in figure 2 of C07. The correlation between V gsr and Λ is also quite similar to the sample from C07. Second, although the trend of V gsr along with Λ is also comparable with the Sgr leading tail beyond 30 kpc in distance, the velocity dispersion measured from our sample is significantly larger than the Sgr leading tail, whose dispersion is only 36 kms −1 (but see further discussion at section 4.1). The M giant stars belonging to this group are listed in table 1.
Second, the NGC group stars from C07 are located at exactly the same velocity as the substructure Vel+162+26. Considering that the two groups of stars are also at similar distance as shown in the bottom panel of Figure 2 , they are likely from the same substructure. The purple straight line shows the Finally, we present that the metal-rich M giant stars (yellow dots) do have similar kinematics to the thick disk. For this purpose, we build a oversimplified thick disk kinematical model with azimuthal velocity of 170 kms −1 and naively assume that all the stars are located at 15 kpc from the Sun. We calculate the line-of-sight velocity at various Λ for the thick disk in the following way (Li et al. 2012 ):
where 8 kpc is the adopted distance from the Sun to the Galactic center, d is the distance to the observed star (in this case 15 kpc), r is the distance from the Galactic center, a is the azimuth angle of the observed star with respect to the Sun-Galactic center line, V rot is the adopted azimuthal velocity of the thick disk (170 kms −1 ), and V td is the predicted line-of-sight velocity with respect to the Galactic standard of rest.
The yellow line in Figure 5 shows the predicted line-of-sight velocity for the thick disk. The metal-rich stars within 10-20 kpc (yellow dots) are well consistent with it, implying that most of the stars are exactly the thick disk stars, except 2 of them located beyond 200 kms −1 . Moreover, neither the substructure Vel-3+83 nor Vel+162+26 show any similarity to the model velocity of the thick disk. This again confirms that both the substructures are not likely contributed by the thick disk.
DISCUSSION
In this section we clarify whether the two substructures located in 210
• and distance between 10 and 20 kpc are related to the Sgr tidal stream.
Vel-3+83
The substructure Vel-3+83 shows very similar velocity to the Sgr leading tail but the velocity dispersion is quite larger than the Sgr leading tail. However, when the member stars of Vel-3+83 are mapped to the V gsr vs. distance plane (see figure 6 ), we find that the large velocity dispersion of the Vel-3+83, shown as the blue filled circles, is due to the rapid variation of V gsr when distance changes. The actual velocity dispersion can be derived from the velocity scattering at each given distance bin. We then obtain that the velocity dispersion is only 30.4 kms −1 , quite comparable with the stars in the Sgr leading tail (green crosses). Moreover, the substructure Vel-3+83 seems continuously connected with the Sgr leading tail at the distance of 20 kpc.
However, putting Vel-3+83 and the leading tail in 3-dimensional space, the connection at 20 kpc produces a folding 3D structure, which should not be a realistic tidal stream.
According to the Λ-distance-V gsr relation, we are able to constrain the direction of motion of the Vel-3+83 is moving to negative X direction. At around (X, Z)=(5, 10) kpc, V gsr is roughly zero, meaning that at this point the substructure is roughly moving along the tangental direction with respect to the line of sight. Combine these information together, we can infer that Vel-3+83 is likely moving from right to left in the X-Z plane (toward the inner Galaxy), showing as a red arrow in the figure. It is obvious that the direction of motion for Vel-3+83 is opposite to any of the Sgr tidal tails. Hence, it is very difficult to attribute the substructure to a part or branch of the Sgr tidal tail. Alternatively, the substructure Vel-3+83 could be a disrupting satellite of the Sgr dwarf galaxy. However, the distance from the Vel-3+83 to the leading tail is as large as 40 kpc, which seems too far to be a satellite of the Sgr dwarf galaxy. Therefore, we infer that it is very likely a new tidal debris not related to the Sgr dwarf galaxy.
It is noted that Newberg et al. (2007) discovered an unknown over-density from the BHB stars at (Λ,
. Vel-3+83 is exactly located at the same location of the over-density (see the comparison in the bottom panel of figure 5 ). Table 1 It is also worthy to note that the ambiguous arm found by Pila-Díez et al. (2014), who claimed that it is a new wrap of the Sgr stream without velocity information, covers the same sky area as the substructure Vel-3+83. Therefore, it seems that what the authors found is not part of the Sgr tidal debris, but the same tidal debris unveiled in this work.
Vel+162+26
Figure 5 also displays the member stars of the substructure Vel+162+26 with red filled circles combined with the NGC group members from C07 with red diamonds. C07 argued that these stars are likely the dynamically old Sgr members from the wrapped trailing tail. Similar to Vel-3+83 we can also estimate the approximate direction of motion for Vel+162+26 using the relationship of Λ-distance-V gsr and find that
Vel+162+26 is coarsely moving toward smaller X and larger Z, as shown in the right panel of figure 7 .
This direction of motion is opposite to all the Sgr tidal streams predicted by the simulation data from LM10
and thus seems against the statement by C07. Therefore, we propose that this substructure is also likely a new tidal debris not relating to the Sgr tidal stream.
CONCLUSION
Using 17,000 M giant stars from the LAMOST DR2, we are able to map the Sgr tidal stream in the whole northern sky. Both the leading tail and the trailing tail are well sampled. These data will be very important to constrain the orbit of the Sgr tidal stream. Before addressing the orbital properties of the Sgr tidal stream, we investigate whether there is any more weaker and less prominent substructures nearby the Sgr tidal stream and if there is any, whether it belongs to the Sgr.
We find two substructures in the north Galactic cap region around the Sgr leading tail. The substructure Vel-3+83 shows very similar Λ-V gsr relation to the leading tail with nearer distance between 10 and 20 kpc. However, based on the analysis of the spatial position and the possible direction of motion, it is very New tidal debris nearby the Sagittarius leading tail 9 the spatial position of Vel-3+83 is consistent with the unknown over-density discovered by Newberg et al. (2007) .
The other substructure Vel+162+26 shows positive V gsr in the similar range of distance. It well overlaps with the NGC group found by C07, who attribute it to the earlier wrapped Sgr trailing tail. However, when we map the stars from both Vel+162+26 and the NGC group of C07 to the X-Z plane, we find that the direction of motion of this combined substructure is also not in consistent with any branch of the Sgr tidal stream. Therefore, we propose that this is another weak tidal debris not relating to the Sgr tidal stream.
Our proposal for the substructure Vel-3+83 and Vel+162+26 is based on that the simulation of the Sgr tidal process from LM10 is relatively correct in the distance and velocity. However, if the simulation has bias from the real Sgr tidal stream, which is still far from completely observed, then our conclusion has to be revisited.
In this work, we also revise the relationship between metallicity and WISE color index (W 1 − W 2 ) 0 , using 41 M giant stars with reliable metallicity estimates from the high resolution spectra (C07).
In the next two years, LAMOST will finish its survey and we expect that it will expand the M giant sample by a factor of 2. Then, we will have much more sample to better address the two substructure and
give tighter constraints on their origins. 
